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1) Introduction

Craig Fach (Section 30B, OS 1:50000 Map 115, Grid Ref. SH634552) and Mynydd Graig Goch (Section 30B, OS 1:50000 Map 115, 123 Grid Ref. SH497485) are both given as 609m in height on current OS maps. They are included in Michael Dewey’s list of hills and both are also subHewitts. Since the OS only gives spot heights to the nearest metre there has been considerable speculation over the years whether either of the hills actually attained or exceeded 609.6m (2000ft) in height.
The purpose of this survey was to measure accurately the height of each hill in order to end this speculation.  The equipment we possess (a Leica NA730 Professional Automatic level) is only capable of such a measurement if there is an accurately known datum, such as a trig point, in the vicinity from which to survey.  Regrettably, for neither hill is this the case and the only equipment that gives sufficient accuracy for a measurement of this type is Differential GPS.  Leica Geosystems was approached and very kindly agreed to supply the equipment and an experienced engineer to lead the survey.
2) Equipment used and Conditions for Survey 

The equipment used for the survey was a Leica Geosystems SmartRover 1200 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to 24 satellites and receive two signals (at different frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from atmospheric degradation of the satellite signal.  As a stand alone instrument it is capable of giving position and height to an accuracy of about one metre.  Note that a hand-held GPS receiver can only receive up to 12 satellites and each at a single frequency and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  Despite the on-board features of the SmartRover 1200 that reduce atmospheric degradation of the signal, nevertheless atmospheric degradation is still a major source of residual error.  In addition to its superior stand-alone performance though, the SmartRover 1200 also incorporates a real-time-kinematic (RTK) receiver which can be linked via a mobile phone to a nationwide network of base stations of defined absolute position.  These base stations constantly record their respective apparent positions as measured by GPS and compare the results with their known positions.  The difference is the instantaneous error arising at that time from atmospheric distortion of the GPS signals.  All of these real-time data are constantly fed into a central database to which the SmartRover 1200 can communicate.  When the link is made the instrument is fed the real-time corrections for base-stations within a 50km radius, which it then applies to its own reading.  Atmospheric distortions over this distance are generally accepted to be the same as those being experienced by the instrument itself.  This procedure further reduces error to about 3cm in position and about 5cm in height.  Lastly, for the most accurate determinations of height and position Ordnance Survey protocol advises that data are collected for two hours and the above described corrections applied to the whole data-set.  When this is done residual error is reduced to about 0.5cm for position and 2cm for height.
Conditions for the survey were not ideal. The weather was cool and overcast with temperatures of about 15 degrees Celsius.  Near the conclusion of the survey on Craig Fach there was a heavy shower of rain and the wind was between 25 and 30mph with occasional gusts as strong as 50mph.  Thereafter the weather deteriorated further and the survey of Mynydd Graig Goch was conducted in heavy rain and thick mist.  This did not affect the performance of the equipment which is designed for use in inhospitable conditions.
3. The Surveys
3.1) Craig Fach
3.1.1) Character of Hill 

Craig Fach (Section 30B) is a craggy hill within the Snowdon group and lies just off the Pyg Track 1.5Km WSW of Pen-y-Pass at the top of the Llanberis Pass.  It forms part of the Snowdon Horseshoe, although few walkers actually visit the summit as it requires a small detour from the Pyg Track to do so.  The route from Pen-y-Pass is easy and straightforward and on a well-engineered path, until the bwlch just beneath the summit.  From here it is only 50m of ascent over short grass to the rock slab that is the highest point of the hill.
3.1.2) Outline of Survey Method
We had located the summit on a previous reconnaissance of the hill and the sole objective of the survey was to determine the height of the hill accurately with the Leica Geosystems SmartRover 1200 system.
3.1.3) Survey of Craig Fach
The summit of Craig Fach comprises a huge gently sloping slab of rock which rises to the summit.  On its North and East sides, the slab is vertical with a drop of about 3m on to rocks.  The SmartRover system was set up on its staff on the summit, switched on, the staff height entered into its memory and a connection made to Leica’s SmartNet system via a mobile phone with Bluetooth connection.  After a few minutes, when the connection had been made the grid reference and height, together with accompanying errors (one standard deviation) were displayed on the unit.  The system was allowed to equilibrate for a few minutes longer before readings were recorded.  In addition, by way of a demonstration of Leica Geosystems’ range of equipment, a SmartRover 500 system was also set up and operated in the same way to give a second dataset.
The position and height for the summit were recorded as:-

	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 1200
	263495.302
	0.005

	355248.500
	0.012

	608.748
	0.016

	SR 500
	263495.207
	0.016
	355248.367
	0.032
	608.716
	0.054


Note there is slightly more uncertainty associated with the result from the SR 500.

The grid reference and height (to 3SD) are:



SR 1200 : SH 63495.30(+/- 0.02)  55248.50(+/-0.04)  608.75(+/-0.05)m


SR 500
   : SH 63495.21(+/- 0.05) 55248.37(+/-0.09)  608.72(+/-0.16)m


In order to record a definitive result, data should be collected for two hours, after which it is post-processed against base-station data for the same epoch, as described in Section 2.  For these measurements this is unnecessary, as the height figures clearly show that Craig Fach falls nearly a metre short of 609.6m (2000ft), which is well outside the uncertainty of the measurement.  
The height of Craig Fach is 608.75 (+/-0.05)m
3.2) Mynydd Graig Fach
3.2.1 Character of the hill
Mynydd Graig Goch (Section 30B) lies at the western end of the Nantlle ridge about 15km South of Caernarfon.  With a height of 609m given on OS maps, the hill only appears on the list of subHewitts and is therefore infrequently visited by walkers.  The approach from the East, as a continuation of the Nantlle ridge, requires a detour of 3km and reascent of 160m in order to regain the ridge back to Rhyd Ddu.  The best approach to the hill is from the minor road that runs SE from Nebo.
The summit area is confusing and comprises three distinct rocky ridges, each about 100m in length and containing many rock tors and needles.  The cairn on the most south-easterly ridge is not the summit which lies on a ridge that is about 250m NW of the cairn.
3.2.2) Outline of Survey Method

As for Craig Fach, we had located the summit of Mynydd Graig Goch on a previous reconnaissance of the hill and the sole objective of the survey was to determine the height of the hill accurately with the Leica Geosystems SmartRover 1200 system.
3.2.3) Survey of Mynydd Graig Goch

The summit of Mynydd Graig Goch comprises a small pinnacle of rock on the north-easterly of two parallel ridges that are situated about 250m NW of the cairn.  It is impossible to set up a tripod on this feature, so instead the SmartRover 1200 was attached to the top section of its staff and this was fixed to the pinnacle by strong cord.  The height of the receiver was then adjusted to align exactly with the summit of the pinnacle.  The unit was switched on and a connection made to Leica’s SmartNet system via a mobile phone with Bluetooth connection.  After a few minutes, when the connection had been made the grid reference and height, together with accompanying errors (one standard deviation) were displayed on the unit, as for Craig Fach previously.  After allowing the system to equilibrate for a few minutes, the first height reading was taken and found to be 609.759 (+/-0.07)m, that is above 2000ft.  Consequently, data were now collected for two hours, as described in Section 2, so that a measurement with higher precision could be recorded.

Once data collection was complete, we conducted a survey of the area to identify other features that might also exceed 609.6m and we found three of these, two in the immediate vicinity of the summit and one 50m NNW.  There was not time to collect 2hrs of data for each of  these, but from the correction calculated for the summit reading we are confident that these other features were indeed 2000ft or higher. 
The position for the summit and its height following 2hrs of collected data were recorded as:-

	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	249729.314
	0.002
	348515.262
	0.002
	609.72
	0.005


The grid reference and height to 3SD are:

SH 49729.314(+/- 0.006)  48515.262(+/-0.006)  609.72(+/-0.02)m
Note that 3SD represents 99.9% confidence and is a standard test used by statisticians to demonstrate the validity of a result.

The height of Mynydd Graig Goch is 609.72 (+/-0.02)m

Subsequently, the data were analysed by Ordnance Survey using a different model and the value for the height of Mynydd Graig Goch has been revised to 609.75m.  This lies just outside the error band quoted above, which is valid only for the single model used.  We believe a safer estimate for error to be +/-0.05m.

7) Summary and Conclusions

The summit of Craig Fach is at grid reference SH 63495.30  55248.50 and is the top of a large sloping rock slab.
The height of Craig Fach is 608.75m, that is less than 2000ft.
The summit of Mynydd Graig Goch is at grid reference SH 49729.31 48515.26 and is a small pinnacle of rock among an outcrop of rock tors and pinnacles.

The official height of Mynydd Graig Goch as confirmed by Ordnance Survey is 609.75m or 2000.49ft
John Barnard and Graham Jackson, 16 August 2008. 
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